Mycobacteriophages are viruses that infect mycobacterial hosts. The current collection of sequenced mycobacteriophages-all isolated on a single host strain, Mycobacterium smegmatis mc 2 155, reveals substantial genetic diversity. The complete genome sequences of 63 newly isolated mycobacteriophages expand the resolution of our understanding of phage diversity.
he bacteriophage population encompasses amazing genetic diversity, reflecting its vast size, dynamic nature, and ancient origins (1) (2) (3) (4) . The collection of sequenced mycobacteriophage genomes offers insights into phages that infect a common host, Mycobacterium smegmatis mc 2 155 (5, 6), and thus are presumed to be in genetic communication with one another. Comparative genomics reveals mosaicism as the fundamental architectural feature of phage genomes, which are constructed from segments exchanged among the phage population (7, 8) . Nonetheless, simple DNA comparison identifies groups of genomes more similar to one another than to other phages, and these are referred to as clusters (9) . The previously reported 223 mycobacteriophages assort into a total of 15 different clusters (clusters A through O) and eight singletons that have no close relatives (5, (10) (11) (12) (13) . Several of the clusters can be divided into subclusters according to nucleotide sequence similarities (5) . The total number of clusters, subclusters, and singletons is 36 (5) .
Bacteriophage discovery and genomic characterization provide an effective platform for introducing students to authentic scientific research (9, 14, 15) . The 63 phages described here were isolated and sequenced by undergraduate students in four programs: the Science Education Alliance Phage Hunters Advancing Genomics and Evolutionary Science (SEA-PHAGES) Program, the Phage Hunters Integrating Research and Education (PHIRE) Program, the Research Immersion Laboratory in Virology at UCLA, and the Mycobacterial Genetics Course at the University of KwaZulu-Natal, Durban, South Africa (Table 1) . Students and faculty isolated, purified, named, extracted, and annotated each of the new phages.
Phage genomic DNA was sequenced using Ion Torrent, 454 pyrosequencing, or Illumina platforms with an average redundancy of 210-fold (range, 25-to 900-fold). Reads were assembled using Newbler (version 2.6), and the assembly quality was evaluated using Consed (version 20 or newer); targeted Sanger sequencing resolved weak areas where needed. Fifty-two of the genomes have defined ends, and the termini were determined by comparison to closely related genomes, examination of read density, and where necessary, Sanger sequencing on genomic DNA. Eleven genomes assembled circularly and are presumed to have circularly permuted terminally redundant ends, and position 1 was selected at the 5= end of the most distally closely linked gene to the terminase large subunit (1 to 5 genes upstream in the five cluster B phages). For the six cluster C phages, position 1 was chosen for consistency with Bxz1 (8) .
Phage genomes were annotated using DNA Master (http: //cobamide2.bio.pitt.edu/computer.htm), Glimmer 3.0 (16), GeneMark (17, 18) , Aragorn (19) , tRNAscan-SE (20) , and Phamerator (21) , and gene functions were predicted using BLAST and HHPred (22) . All sequences and student-annotated genomes were reviewed and revised as necessary at the University of Pittsburgh.
Of the 63 genomes, one (Fishburne) joins a singleton to form cluster P, one (Muddy) is a new singleton, and four add new subclusters, two in A10 and one each in B5 and L5 (Table 1 ). The 285 sequenced mycobacteriophage genomes form a total of 39 clusters or subclusters and 8 singletons.
Further information on these phage genomes is available at http://www.phagesdb.org.
Nucleotide sequence accession numbers. GenBank accession numbers are shown in Table 1. and program administration. Phage genomes were sequenced at the Genomics and Proteomics Core Laboratories and at the Pittsburgh Bacteriophage Institute at the University of Pittsburgh, the David H. Murdock Research Institute, the Nucleic Acids Research Facilities at Virginia Commonwealth University, the Purdue University Genomics Core Facility, the University of California-Santa Cruz's Genome Sequencing Center, and the UCLA Genotyping and Sequencing Core Facility. 
